
TNF-α-induced IL-8 and CCL20 promoter activities, as 
well as their gene expression and protein release. TNF-α 
also induced NF-κB-dependent transcriptional activity 
in AGS cells. In contrast, in cells treated with DA-9601, 
TNF-α-induced NF-κB activity was significantly blocked. 
Although all three MAP kinase family members were 
phosphorylated in response to TNF-α, a selective inhibi-
tor of p38 kinase SB203580 only could inhibit both NF-
κB-dependent transcriptional activity and IL-8 and CCL20 
production, suggesting a potential link between p38 
kinase and NF-κB-dependent pathways in AGS cells. In-
terestingly, DA-9601 also selectively inhibited p38 kinase 
phosphorylation induced by TNF-α. 

CONCLUSION: DA-9601 blocked TNF-α-mediated 
inflammatory signals by potentially modulating the 
p38 kinase pathway and/or a signal leading to NF-κB-
dependent pathways in gastric epithelial cells. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Artemisia asiatica has been frequently used in traditional 
Asian medicine for the treatment of  diseases such as 
inflammation, cancer and microbial infection. Along 
this line, a novel antipeptic formulation prepared from 
the ethanol extracts of  A. asiatica, namely DA-9601 
(StillenTM), has been reported to posses anti-oxidative and 
anti-inflammatory activities in experimentally induced 
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Abstract
AIM: To investigate whether, or how, DA-9601, which 
is a new gastroprotective agent, inhibits TNF-α-induced 
inflammatory signals in gastric epithelial AGS cells. 

METHODS: Cell viability was determined by MTT assay. 
IL-8 and CCL20 promoter activities were determined by a 
luciferease reporter gene assay. NF-κB-dependent tran-
scriptional activity was determined by I-κBα degradation, 
NF-κB p65 nuclear translocation and a luciferase activ-
ity assay. IL-8 and CCL20 gene expression and protein 
secretion were determined by RT-PCR and an enzyme-
linked immunosorbent assay (ELISA). Total and phos-
phorylated forms of mitogen-activated protein kinases 
(MAPKs) were determined by Western blot.

RESULTS: Treatment of AGS cells with DA-9601 reduced 
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gastrointestinal damage as well as hepatic and pancreatic 
lesions[1-4]. DA-9601 is now on the market in South Korea 
and will be on sale in other Asian countries in the near 
future. However, despite studies in animals and humans, 
the detailed cellular mechanism of  the pharmacologic 
actions of  DA-9601 is largely unknown. 

Chemokines are potential mediators that in many cases 
can act as a signal for the emigration of  blood cells. The 
C-X-C chemokines are considered the most important 
mediators for the accumulation of  granulocytes[5,6]. One 
member of  this cytokine family, chemokine interleukin-8 
(IL-8), has been shown to be elevated in gastric biopsy 
samples of  patients with H pylori-associated gastritis[5], and 
is considered to be an important mediator for the initiation 
of  host innate immunity by recruiting granulocytes[7]. 
On the other hand, CCL20 is a recently described 
C-C chemokine (also known as a liver- and activation-
regulated chemokine or macrophage inflammatory protein 
3α) that was first identified by screening the GenBank 
database of  expressed sequence tags for novel chemokine 
molecules[8]. CCL20 is also expressed in gastric epithelial 
cells, upregulated by infection with H pylori, and implicated 
in the initiation of  host adaptive immunity by regulating 
recruitment of  dendritic cells[9], effector memory T cells 
and B cells via CCR6[10]. Given their potential importance 
in inflammatory responses, these two chemokines may 
be good target systems in evaluating the anti-inflammatic 
efficacy of  potential pharmacologic drugs in gastric 
epithelial cells. 

In the current study, we primarily investigated whether 
TNF-α induces IL-8 and CCL20 genes, as well as their 
protein products, in human gastric epithelial AGS cells. 
Although TNF-α is a candidate factor for involvement in 
inflammation-mediated gastric mucosal injury, the mecha-
nisms of  action for this cytokine on gastric epithelial 
cells are still poorly understood. We next analyzed where 
DA-9601 acted in the TNF-α-induced inflammatory cas-
cade. 

MATERIALS AND METHODS
Reagents and Antibodies
DA-9601 (Lot No. DA-9601-L-07) with 0.42% of  active 
ingredient, eupatilin[11], was extracted from A. asiatica and 
supplied to this study after HPLC analysis in Dong-A 
Pharmaceutical Co. Ltd., (Yongin, South Korea)[2]. 
Alkaline phosphatase-conjugated rabbit anti-goat IgG, 
and p-nitrophenyl phosphate tablets, dimethyl sulfoxide, 
phosphate-buffered saline (PBS), 3-(4, 5,-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (MTT) were 
purchased f rom S igma Chemica l Co. (S t . Louis, 
MO). Recombinant human TNF-α goat anti-human 
IL-8 polyclonal antibody, mouse anti-human CCL20 
monoclonal antibody (clone 67310.111), and goat anti-
human CCL20 polyclonal antibody were obtained from 
R&D Systems Inc. (Minneapolis, MN). Rabbit anti-human 
IL-8 polyclonal antibody was from Endogen Inc. (Woburn, 
MA). Antibodies against p38 kinase, c-Jun N-terminal 
kinase (JNK), extracellular signal-regulated kinase (ERK), 
and the antibodies specific to the phosphorylated forms 
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(pp38, Thr180/Tyr182; pJNK, Thr183 Tyr185; pERK1/2, 
Thr202/Tyr204) were purchased from Cell Signaling 
Technology, Inc.(Beverly, MA). SB203580, SP600125, 
PD98059 and PDTC were purchased from Calbiochem 
(La Jolla, CA). Anti-human I-κBα was from Santa Cruz 
Biotechnology (Santa Cruz, CA). 

Report gene construction
IL-8 promoter-luciferase reporter vector (pGL3-pIL-8) 
was obtained from Dr. J.-S. Chun in Gwangju Institute of  
Science and Technology (Korea). The CCL20 promoter 
from -1905 to +30 was amplified from 100 ng of  human 
genomic DNA by PCR under standard conditions 
with the following primers (restriction sites underlined) 
pCCL20_forward(SacI) 5’-ATACCGAGCTCGGCCAG
TCTGGTCTCGAACT-3’; pCCL20_reverse (HindⅢ) 5’- 
ATACCAAGCTTCTTTAATCAATATTGCAGTT-3’ and 
cloned into the pGL3-basic plasmid (Promega, Mannheim, 
Germany) to generate pGL3-pCCL20 luciferase vector. 
pGL3-pCCL20 was sequence verified with an ABI3700 
sequencer (ABI, Foster City, CA) before use. 

Cell culture
Human gastric epithelial AGS cells and human kidney 
epithelial 293T were obtained from the American Type 
Culture Collection (ATCC). The cells were cultured at 37℃ 
in a 5% CO2 atmosphere in RPMI-1640 supplemented 
with heat-inactivated 10% fetal bovine serum (FBS; 
GibcoBRL) and appropriate antibiotics. 

Cell viability assay
Cellular viability was evaluated by the reduction of  MTT 
to formazan. A stock solution of  MTT was prepared in 
phosphate-buffered saline (PBS), diluted in RPMI 1640 
medium, and added to cell-containing wells at a concentra-
tion of  0.5 mg/mL after the culture medium was first re-
moved. The plates were then incubated for 4 h at 37℃ in 
5% CO2. At the end of  the incubation period, the medium 
was aspirated, and the formazan product was solubilized 
with dimethyl sulfoxide. Absorbency was measured on a 
multiscan reader with a 570 nm wavelength filter.                       

IL-8 and CCL20 Measurement
The concentrat ion of  IL-8 or CCL20 in cu l ture 
supernatants from AGS cells was measured by a previously 
described method[12,13]. In brief, 96-well microtiter plates 
(MaxiSorpTM, Nunc, Denmark) were coated with 2 μg/
mL of  goat anti-human IL-8 (R&D Systems) or mouse 
anti-human CCL20 (clone 67310.111; R&D Systems) in 
50 μL PBS at 4℃ overnight. All further steps were carried 
out at room temperature. After washing three times with 
PBS, non-specific binding sites were blocked by incubation 
with 150 μL PBS, 1% BSA and 0.05% Tween 20/well for 
2 h. After three washes with PBS, 50 μL of  samples or 
standards were added and incubated for 2 h. As a second 
antibody, 0.5 μg/mL polyclonal rabbit anti-human IL-8 
(Endogen) or polyclonal goat anti-human CCL20 (R&D 
Systems) was added and incubated for 2 h. As a third 
antibody, alkaline phosphatase-conjugated monoclonal 
mouse anti-rabbit IgG (for IL-8) or rabbit anti-goat IgG 
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(for CCL20) was diluted in 50 μL PBS 0.1% BSA and 
0.05% Tween 20 to 1:50 000 and incubated for 2 h. Finally, 
alkaline phosphatase substrate p-nitrophenyl phosphate 
(Sigma) was added at a concentration of  1mg/mL in 0.1 
mol/L glycine buffer, pH 10.4, containing 1 mol/L MgCl2 
and 1 mol/L ZnCl2. After overnight incubation, plates 
were read at 405 nm on a microplate reader (Molecular 
Devices Corp., Sunnyvale, CA). The detection limit of  the 
ELISA was 30 pg/mL.

RNA Isolation and RT-PCR
AGS cells (5 × 106) were grown in 60-mm culture dish 
and were incubated for 16 h in a fresh medium containing 
stimuli as indicated. After discarding the growth medium, 
total RNA was isolated from cells using easy Blue 
(iNtRON Biotechnology, Daejon, Korea), following the 
manufacturer’s instructions. Reverse transcription of  
the RNA was performed using AccuPower RT PreMix 
(Bioneer, Daejon, Korea). One microgram of  RNA and 
20 pmol primers were preincubated at 70℃ for 5 min and 
transferred to a mixture tube. The reaction volume was 20 
μL. cDNA synthesis was performed at 42℃ for 60 min, 
followed by RT inactivation at 94℃ for 5 min. Thereafter, 
the RT-generated DNA (2-5 μL) was amplified using 
AccuPower® RT PreMix (Bioneer, Korea). The primers 
used for cDNA amplification were: 5’-ATGACTTCCAA
GCTGGCCGTGGCT-3’ (sense) and 5’-TCTCAGCCCT
CTTCAAAAACTTCTC-3’ (antisense) for IL-8[14]; 5’-ATG
TGCTGTACCAAGAGTTTG-3’ (sense) and 5’-TTACAT
GTTCTTGACTTTTTTACTGAGGAG-3’ (antisense) for 
CCL20[15]; 5’-CGGAGTCAACGGATTTGGTCGTAT-3’ 
(sense), 5’-AGCTTCTCCATGGTGGTGAAGAC-3’ 
(antisense) for GAPDH[12]. Amplification conditions were 
denaturation at 94℃ for 30 s, annealing at 56℃ for 30 s, 
and extension at 72℃ for 30 s for 30 cycles. The expected 
PCR products were 289 bp (for IL-8), 291 bp (for CCL20), 
and 306 bp (for GAPDH). PCR products were subjected 
to electrophoresis on 1.2 % agarose gel and were stained 
with ethidium bromide.

Assessment of NF-κB-p65-EGFP nuclear translocation
AGS cells were seeded at 5 × 105 in a 4-well plate 1 d 
before transfection (50% cell confluency). Cells were 
transfected with serum- and antibiotics-free RPMI 1640 
medium containing 4 μg/mL Lipofectamine 2000 reagent 
(Invitrogen) and 1.6 μg/mL of  NF-κB p65-EGFP vector 
(provided by Prof. Rainder de Martin, Department Vascu-
lar Pharmacology and Thrombosis Research, University 
of  Vienna, Austria). After 5 h of  incubation, medium was 
replaced with RPMI 1640 medium containing 10% FBS 
and antibiotics. Cells were allowed to recover at 37°C for 
20 h and subsequently were stimulated as indicated in the 
text or figures. Fluorescence images were observed under 
the Olympus microscopy (Melville, NY). 

Cell extract preparation and Western blot analysis
For the analysis of  phosphorylated or total protein levels 
of  mitogen-activated protein kinases (MAPKs) and the 
I-κB degradation, stimulated cells were rinsed twice with 
ice-cold phosphate-buffered saline and then lysed in ice-

cold lysis buffer (50 mmol/L Tris-HCl, pH 7.4, containing 
150 mmol/L NaCl, 1% Nonidet P-40, 0.1% SDS, 0.1% 
deoxycholate, 5 mmol/L sodium fluoride, 1 mmol/L so-
dium orthovanadate, 1 mmol/L 4 nitrophe-nylphosphate, 
10 g/mL of  leupeptin, 10 μg/mL of  pepstatin A, and 1 
mmol/L 4-(2 aminoethyl) Benzenee Sufonyl fluoride). Cell 
lysates were centrifuged at 15 000 rpm for 20 min at 4℃, 
and the supernatant was mixed with a one-fourth volume 
of  4 × SDS sample buffer, boiled for 5 min, and then 
separated through a 12% SDS-PAGE gel. After electro-
phoresis, proteins were transferred to a nylon membrane 
by means of  Trans-Blot SD semi-dry transfer cell (Bio-Rad, 
Hercules, CA). The membrane was blocked in 5% skim 
milk (1 h), rinsed, and incubated with primary antibody (for 
phosphorylated MAP kinases or I-κB) in TBS containing 
0.05% Tween 20 (TBS-T) and 3% skim milk overnight at 
4℃. Excess primary antibody was then removed by wash-
ing the membrane four times in TBS-T, and the membrane 
was incubated with 0.1 μg/mL peroxidase-labeled sec-
ondary antibody (against rabbit) for 1 h. Following three 
washes in TBS-T, bands were visualized by ECLTM Western 
Blotting Detection reagents and exposed to X-ray film.

Transient transfection and luciferase activity assay
For transient transfections, AGS cell and 293T Cells were 
seeded at 5 × 105 in a 12-well plate 1 d before transfection 
(90%-95% cell confluency). Cells were transfected with se-
rum- and antibiotics-free RPMI 1640 medium containing 
4 μg/mL Lipofectamine 2000 reagent (Invitrogen) and 1.6 
μg/mL of  NF-κB, IL-8 (provided by Professor J.-S. Chun, 
Gwangju Institute of  Science and Technology, Gwangju, 
Korea), or CCL20 luciferase reporter constructs. After 5 
h of  incubation, medium was replaced with RPMI 1640 
medium containing 10% FBS and antibiotics. Cells were 
allowed to recover at 37℃ for 20 h and subsequently were 
stimulated as indicated in the text or figures. Cell lysates 
were prepared and assayed for luciferase activity using Lu-
ciferase Assay System (Promega, Madison, WI), according 
to the manufacturer’s instructions.

RESULTS
TNF-α induces IL-8 and CCL20 gene expression and pro-
tein release in AGS cells
One of  the key molecules mediating the gastric mucosal 
inflammation is the cytokine TNF-α[16]. We therefore 
first examined whether TNF-α induces inflammatory 
signals in AGS cells. We were primarily interested in two 
chemokines; i.e., IL-8 and CCL20, because these proteins 
play central roles in the evocation of  host innate and 
adaptive immunity[10,17]. Treatment of  AGS cells with 
TNF-α markedly induced IL-8 and CCL20 secretion 
(Figure 1). The effect of  TNF-α was concentration-
dependent in the range of  0-10 ng/mL, as assessed by 
ELISA and RT-PCR. We chose 5 ng/mL of  TNF-α 
for the following experiments as this concentration is 
enough for maximal induction of  IL-8 and CCL20 (Figure 
1A and C). Time-dependent experiments revealed that 
treatment with TNF-α led to rapid induction of  IL-8 and 
CCL20 mRNAs (about 4 h after stimulation) while their 
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protein secretions were slightly delayed (about 16 h after 
stimulation) in AGS cells. Overall, we conclude that AGS 
cells produce IL-8 and CCL20 in response to TNF-α. 

DA-9601 inhibits TNF-α-induced IL-8 and CCL20 gene 
expression and protein release in AGS cells
According to previous reports the main effect of  DA-9601 
is associated with cell death or apoptosis in the rat model 
of  cerulein-induced pancreatitis[1]. To test preliminarily 
whether DA-9601 affects viability of  human gastric 
epithelial AGS cells, we performed a MTT assay. The 
concentrations that ranged from 0 to 100 μg/mL of  
DA-9601 showed no toxic effects on AGS cells at 16 h of  
incubation, while higher concentrations of  DA-9601 (>100 
μg/mL) induced delayed cytotoxicity after 24 h (Figure 2A 
and data not shown). There were no detectable apoptotic 
nuclei in DA-9601 (0-100 μg/mL)-treated cells, as verified 

by DAPI staining (data not shown). 
RT-PCR revealed that DA-9601 (0-100 μg/mL), which 

alone did not induce any significant changes, significantly 
attenuated TNF-α (5 ng/mL)-dependent expression of  
IL-8 and CCL20 mRNA in human AGS cells (Figure 
2B). Addition of  DA-9601 dramatically reduced TNF-
α-induced IL-8 and CCL20 secretions as well in a dose-
dependent manner (Figure 1C). The concentration of  100 
μg/mL of  DA-9601 maximally inhibited the secretion 
of  both chemokines; i.e., IL-8 and CCL20 (Figure 1C). 
However, as this concentration revealed weak cytotoxicity 
after 24 h of  treatment (data not shown), we therefore chose 
50 μg/mL of  DA-9601 for the following experiments, 
unless otherwise indicated. 

DA-9601 inhibits TNF-α-induced IL-8 and CCL20 promoter 
activities in both HEK293T cells and AGS cells
To investigate whether the inhibition of  both chemokine 
secretions by DA-9601 is due to the direct down-regulation 
of  promoter activity, we performed the luciferase reporter 
gene assay for IL-8 and CCL20 promoters. As shown in 
Figure 3, treatment with TNF-α significantly induced 
IL-8 and CCL20 promoter activities (promoter-dependent 
luciferase signals) in both HEK293T cells and AGS cells. 
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Figure 1  TNF-α induces IL-8 and CCL20 secretion and mRNA accumulation 
in AGS cells in a time- and dose-dependent manner. (A and C) AGS cells (5 x 
105/well) were treated for 16 h with the indicated concentrations of TNF-α (0-10 
ng/mL). After incubation, the supernatants were collected, and the levels of IL-8 
(A) and CCL20 (C) were determined by ELISA (top). At the same time, the cells 
were colleted and the expression of two chemokines was determined by RT-
PCR (bottom). (B and D) AGS cells (5 x 105/well) were treated with TNF-α (5 
ng/mL) for the indicated time points (0-24 h). IL-8 and CCL20 secretion and 
mRNA accumulation were determined as described above. For ELISA, results are 
expressed as means ± SD of three independent experiments.
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Figure 2  DA-9601 inhibits the expression and secretion of CCL20 in AGS cells. 
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(0-100 μg/mL) for 16 h. Quantitative analysis of cell viability was determined 
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However, pre-incubation of  these cells with DA-9601 (50 
μg/mL) dramatically reduced TNF-α-induced promoter 
activities in both cell types, suggesting that DA-9601 
inhibits IL-8 and CCL20 expressions and secretions via 
direct or indirect modulation of  promoter activities. 

DA-9601 inhibits TNF-α-induced NF-κB activity in both 
HEK293T cells and AGS cells
Several recent studies have demonstrated that gene 
expre s s ion o f  bo th IL -8 and CCL20 i s NF-κB 
dependent[18-21]. This led us to examine whether DA-9601 
can inhibit NF-κB activity in TNF-α-treated AGS 
cells. We therefore examined the NF-κB activation by 
measuring NF-κB-dependent transcriptional activity, NF-
κB p65 nuclear translocation, and I-κBα degradation. As 
shown in Figure 4A and B, incubation of  AGS cells with 
DA-9601 for 24 h significantly decreased TNF-α-induced 
luciferase activity. We next measured nuclear translocation 
of  the NF-κB p65 subunit. To this end, AGS cells were 
transfected with NF-κB-p65-EGFP vector for 24 h, and 
then the cells were further treated with DA-9601 (50 μg/
mL), TNF-α (5 ng/mL), or DA-9601 (1 h before TNF-α 
treatment) plus TNF-α. As shown in Figure 3C, DA-9601 
significantly inhibited nuclear translocation of  NF-κB p65 subunit after 1 h of  TNF-α treatment. We finally tested 
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were pre-treated for 1 h with DA-9601 (50 μg/mL) and stimulated for additional 
16 h with medium alone or medium containing TNF-α (5 ng/mL). At the end of 
incubation, cells were lysed, and the relative luciferase activity was measured 
using Luciferase Assay System. Results are expressed as means ± SD of three 
independent experiments.
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whether DA-9601 inhibits I-κBα degradation in TNF-α-
treated AGS cells. Treatment with TNF-α rapidly induced 
I-κB degradation (about 15 min) which later recovered 
slightly (> 240 min) (Figure 4C). However, pre-incubation 
of  AGS cells with DA-9601 (1 h) significantly inhibited 
TNF-α-induced I-κBα degradation (Figure 4B). Taken 
together, we conclude that DA-9601 inhibits IL-8 and 
CCL20 expressions and their protein releases, presumably 
by acting at the site or upstream of  NF-κB-dependent 
pathways. 

p38 kinase plays a crucial role in TNF-α-induced NF-κB 
activity as well as CCL20 production in AGS cells
Previous reports demonstrated that three structurally-
related mitogen-activated protein kinases (MAPKs) 
play crucial roles in a variety of  systems involving 
TNF-α[22-24]. We therefore asked whether TNF-α leads 
to phosphorylation of  the MAPK subfamilies in AGS 
cells. As shown in Figure 5, treatment with TNF-α (5 
ng/mL) rapidly induced phosphorylation of  all three 
MAPK subfamilies. The maximal phosphorylation levels 

were achieved as early as 15 min in all MAPKs after 
TNF-α treatment, and thereafter the levels were gradually 
decreased. Interestingly, however, among three MAPK 
blockers used, the selective p38 kinase inhibitor SB203580 
(10 μmol/L) could only inhibit TNF-α-induced NF-κB-
dependent promoter activity (Figure 6). As expected, 
treatment with PDTC (10 μmol/L) also inhibited NF-
κB-dependent promoter activity (Figure 6). These results 
suggest a functional cross-talk between p38 kinase and 
NF-κB-dependent signaling system, and further suggest 
that p38 kinase acts upstream of  NF-κB activation, 
thereby inhibiting IL-8 and CCL20 promoter activities in 
AGS cells. 

To further confirm that p38 kinase is involved in 
chemokine production, AGS cells were incubated with 
three MAPK inhibitors prior to TNF-α treatment and 
then the production of  IL-8 and CCL20 was measured by 
the ELISA method. As expected, treatment with SB203580 
significantly inhibited IL-8 and CCL20 production induced 
by TNF-α (Figure 7). The selective inhibitor of  the 
MEK1 pathway PD098059 also inhibited IL-8 and CCL20 
production in TNF-α-treated AGS cells, while it had no 
effect on NF-κB-dependent transcriptional activity (Figure 
6). These results may suggest that, in terms of  IL-8 or 
CCL20 production, ERK1/2 is not coupled with NF-κB-
dependent pathways but may act at a post-transcriptional 
level.

DA-9601 inhibits p38 kinase phosphorylation, but shows 
little effect on ERK and JNK in AGS cells
An important question raised at this point was whether 
DA-9601 also inhibits p38 kinase phosphorylation induced 
by TNF-α. To test this, AGS cells were treated with 
DA-9601 for 1 h, and then the cells were further incubated 
for 15 min with TNF-α (5 ng/mL). The phosphorylation 
levels of  all three MAPKs were determined by Western 
blot analysis. Surprisingly, while having no effect on 
both ERK1/2 and JNK1/2, DA-9601 specifically and 
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significantly inhibited p38 kinase phosphorylation induced 
by TNF-α (Figure 8). These results strongly suggest that 
DA-9601 inhibits TNF-α-induced chemokine production 
as well as secretion via a direct or indirect inhibition of  
p38 kinase activity. Further, these results suggest that 
DA-9601 inhibits NF-κB-dependent transcriptional 
activity presumably by blocking the p38 kinase signaling 
system. 

DISCUSSION
In this study we analyzed the effect and mechanism of  
action whereby DA-9601 modulates the production of  
two chemokines; i.e., IL-8 and CCL20, in human gastric 
epithelial AGS cells. IL-8 is one of  the key molecules 
that is involved in innate immunity, and is known to be 
elevated in gastric biopsy samples of  patients with H pylori-
associated gastritis[5]. In contrast, it was generally accepted 
that gastric epithelial cells do not produce the cytokines 
that are essential components of  host adaptive immunity. 
However, recent study has shown that they do produce 
CCL20 upon infection with H pylori[9], thereby suggesting 
that CCL20 is also involved in gastric mucosal immunity. 
The present results demonstrate that AGS cells do produce 
both IL-8 and CCL20 chemokines in response to TNF-α 
stimulation. This evidence extends the current view and 
suggests that gastric epithelial cells may also have a critical 
function by inducing mucosal innate immunity as well as 
adaptive immunity. 

The use of  natural anti-inflammatory products provides 
an attractive and safe alternative to modulate inflammatory 
disorders. A. asiatica has been widely used for centuries 
in traditional Asian diets and medications without any 
serious side effects. Also, the standardized ethanol extract 
(DA-9601) of  this medicinal plant has been shown to 
have strong antioxidative and anti-inflammatory effects in 
experimental animal models, such as esophageal mucosal 
damage[25,26], ethanol-induced gastritis[4], and cerulin-
induced pancreatitis[1]. However, the mechanisms of  action 
of  DA-9601 in vitro and in vivo are still unclear. Our data 
indicate that TNF-α-mediated expression of  chemokine 
genes in gastric epithelial cells is blocked by DA-9601 
treatment. The mechanism of  action of  DA-9601 involves 
blockade of  NF-κB activation, in agreement with previous 
studies using a mouse skin model[27]. To further define 
the mechanism by which NF-κB activity is inhibited by 

DA-9601, we investigated molecular relationships between 
MAPKs and NF-κB. We found that SB203580, a selective 
inhibitor of  p38 kinase, blocked NF-κB activity, thereby 
suggesting that p38 kinase may be functionally linked with 
NF-κB. In this regard, it is particularly interesting to note 
that DA-9601 could block activation of  both p38 kinase 
and NF-κB in AGS cells. This suggests that DA-9601 does 
not directly block the NF-κB-dependent signaling system, 
but instead, it may indirectly inhibit NF-κB through 
the inhibition of  p38 kinase pathways. Accordingly, 
several lines of  evidence have suggested that p38 kinase 
lies upstream of  NF-κB[28-30]. It is also interesting that 
PD098059, the upstream inhibitor of  ERK1/2 pathway, 
had no effect on TNF-α-induced NF-κB activity, while it 
significantly blocked IL-8 and CCL20 production. These 
results suggests that the ERK1/2 pathway is not involved 
in the regulation of  promoter activity but may participate 
in the stabilization of  chemokine genes, as demonstrated 
by other reports[12,31]. 

Although DA-9601 has substantial anti-inflammatory 
or anti-oxidative effects, the structural identity of  its active 
component(s) remains to be elucidated. Eupatilin, one 
of  the major pharmacologically active ingredients of  A. 
asiatica, may share its anti-inflammatory[32] or anti-oxidative 
effects[33] with DA-9601. However, our unpublished results 
demonstrated that eupatilin has no significant effect on 
TNF-α-induced IL-8 expression and secretion, while it 
has strong protective (anti-oxidative) effect for AGS cells 
from hydrogen peroxide-induced cellular damage (data not 
shown). This implies that DA-9601 may also have other 
active ingredient(s) that selectively inhibit(s) cytokine-
induced expression or release of  IL-8 and CCL20 proteins 
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as well as other inflammation-related proteins. 
Collectively, the data obtained in the present study are 

compatible with the schematic representation in Figure 
9. DA-9601 has an anti-inflammatory potential based on 
its blocking effects on TNF-α-induced IL-8 and CCL20 
production. The inhibition by DA-9601 appears to be 
mediated through the inhibition of  promoter activity as 
well as the NF-κB-dependent signaling system. Inhibition 
of  p38 kinase by SB203580 blocked NF-κB activity, 
suggesting that p38 kinase is functionally linked with 
NF-κB and lies upstream of  NF-κB. More interestingly, 
DA-9601 inhibited activation of  both the p38 kinase and 
NF-κB-dependent systems. This suggests that DA-9601 
inhibits NF-κB directly or indirectly through the inhibition 
of  the p38 kinase pathway. Additional studies will be 
required to clarify the upstream signal transduction 
pathways that might be affected by DA-9601.    
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